Introduction
Recent evidence for charge stripe ordering in the cuprate superconductors [1, 2] has renewed interest not only to investigate the key role of lattice, charge and spin excitations in the novel properties of these compounds but also to explore new materials that might show the related characteristics. Among the cuprate family of oxygen deficient perovskites, La 8-x Sr x Cu 8 O 20 (8-8-20) , first isolated by Er-Rakho et al [3, 4] , has, of late, attracted a lot of attention. The (8-8-20) system in the composition range of x~1.5 tõ 2.2 crystallizes in a tetragonal unit-cell with three dimensional Cu and O networks and shows anomalous transport properties [3, 4] . Study of single crystals, grown recently, has led to its more comprehensive physical characterization [5, 6] . In the 1.5<x<2.2 composition range the system is metallic with an anisotropic resistivity ratio of ~8 at room temperature. In the vicinity of a critical doping x~1.5 and x<2.0 the system, depending on the precise Sr concentration, shows two sets of anomalies in transport measurements (resistivity and Hall coefficient and magnetic susceptibility) with temperature varying between 50 to 200 K. Diffraction studies have provided some indications of lattice displacements that may be one of the necessary ingredients for the transport anomalies. The Cu K-edge XANES spectroscopy [7] provides information on the instantaneous atomic displacements around the Cu-site, within a cluster up to a radius of about 5 to 6 Å and is thus better suited to investigate the lattice displacements in such a complex system. To the best of our knowledge, this is the first report on the study of local structure of the (8-8-20 ) system carried out using high resolution Cu Kedge XANES.
The average structure of the (8-8-20) system has a tetragonal symmetry [3, 4] . Its complex structure comprises of connected networks of CuO 6 octahedra, CuO 5 pyramids and CuO 4 square planes, shown in Figure 1 . Because of the complexity of the system we have exploited polarization dependence of the absorption cross-section to distinguish the directional lattice displacements. Two single crystals with x=1.56 and x=2.24 have been studied to represent two extremes of the doping versus anomalous temperature phase diagram, the first showing a transition from paramagnetic to antiferromagnetic metal and the second none [5, 6, 8] . For the sake of better understanding these XANES features have been discussed in conjunction with those obtained earlier for the La 2-x Sr x CuO 4 superconductor. 
Experimental details
The single crystals were grown by the TSFZ method at a pressure of 0.2 Mpa in oxygen atmosphere [5] . Well characterized crystals, size~4x4x1 mm 3 , were selected for the measurements. The polarized Cu K-edge X-ray absorption measurements were performed at the beamline BM29 at ESRF, Grenoble employing a double crystal Si(311) monochromator. The crystals were mounted in a closed cycle He refrigerator with the temperature being monitored to an accuracy of ±1 K. The data were collected in the fluorescence yield (FY) mode using the 13 Ge element solid state detector system. Absorption spectra were recorded for both the E//ab and E//c orientations. Several data scans were made to achieve a signal to noise ratio to limit the noise level of 10 -4 . Cu metal K-edge spectra from a metallic foil, mounted adjacent to the samples, were also recorded for photon energy reference. Figure 2 shows normalized Cu K-edge XANES spectra recorded at 30K on La 8-x Sr x Cu 8 O 20 system for the E//ab and E//c orientations. The spectra show the usual features characteristic of the Cu K-edge XANES square-planar geometry cuprates. The absorption peaks are marked as P, A 0 , A 1 , A 2 , B 1 and B 2 in the E//ab spectrum and P, B 0 * , B 1 * and B 2 * in the E//c spectrum. The notation used for the peaks is the same as that used for the polarized spectra of a superconducting La 1.85 Sr 0 . 15 CuO (2-1-4) system [9] as the atomic clusters around the Cu for the two systems are quite similar. The energy positions for these peaks were given by the minima in the second derivative of the absorption spectra. (8-8-20 ) and the superconducting (2-1-4) spectra. Considering the shape, the E//c spectrum of the (8-8-20 ) is compared with the E//ab spectrum of the (2-1-4) system (panel a) and vice-versa (panel b). The E//c spectrum for the (8-8-20) and the E//ab spectrum for the (2-1-4) superconductor in panel 'a' appear very similar except in that the latter is shifted towards higher energy by about ∆E~1.5 eV. On the other hand, the E//ab spectrum of the (8-8-20) system appears less like the E//c spectrum and more like a powder spectrum of the (2-1-4) system [10] .
Results and Discussion
Absorption features in polarized XANES spectrum owe their origin to interference between the multiply backscattered (by the surrounding cluster of atoms) and the outgoing photoelectron waves at the Cu site in the direction of the electric field of the xray beam. The full multiple scattering XANES calculations for La 2 CuO 4 [11] are able to reproduce all the features of the spectrum. The interpretation of the absorption features in the polarized spectrum of the (8-8-20) ought to be more tedious because of the complexity of the system-presence of the Cu-O networks (Fig.1) comprising of octahedra connected with vertically aligned pyramids that, in turn, are apically shared with the vertically aligned square-planes. In reality, however, these features appear to be reasonably analogous to those of the (2-1-4) system. Let us first discuss the E//c spectrum of the (8-8-20 ) in comparison to the E//ab spectrum of the (2-1-4) system (Fig. 3a) . The main peak B 1 of the (2-1-4) system is known to correspond to the multiple scattering of the photoelectron by the oxygen and Cu atoms within the CuO 2 plane while the peak B 2 is known to be a many body satellite "shake up". In fact, the main peaks of the E//c spectrum of the (8-8-20) system involve multiple scattering resonances due to axial oxygens of the CuO 6 octahedra, basal-plane oxygens of the vertically aligned CuO 5 pyramids and basal-plane oxygens of the vertically aligned CuO 4 square planes (Fig. 1) . Incidentally, the basal-plane Cu-O distances for the CuO 5 pyramids and CuO 4 square planes are similar to the axial Cu-O distances of the apically compressed CuO 6 octahedra (~1.93 Å) as determined by neutron and x-ray diffraction measurements. Therefore, the peak B 1 * in the E//c spectrum of the (8-8-20) system is due to multiple scattering from the Cu-O-Cu networks with a Cu-O distance of ~1.93 Å while the main peak in the E//ab spectrum of the (2-1-4) system is mainly due to the planar Cu-O distances (~1.88 Å) of the CuO 6 octahedra [9] . But for a shift of ~+1.5 eV of the entire E//ab spectra of the (2-1-4) spectrum the two XANES spectra are quite similar. The above energy shift is consistent with the order of the difference between Cu-O distances (i.e., 1.93 Å &1.88 Å) following the ∆E/2E=∆R/R rule for the "shape resonances" [7] . Furthermore, the peak B 2 * appears to be quite similar, albeit stronger for the (8-8-20) system. Like B 1 * the peak B 2 * also arises from multiple scattering plus some contribution from the "shake up". Its intensity provides a qualitative measure of the electronic correlations in the highly correlated system. Now we turn to the spectra in Fig. 3b . The main peak B 1 of the E//ab spectrum of the (8-8-20 ) system appears at around the same energy position as the B 1 * in its E//c spectrum (see Fig. 2 ). On the other hand, the positions of the features A 1 and A 2 surprisingly have energy positions quite similar to those of the E//c spectrum of the (2-1-4) system. The E//ab spectrum of the (8-8-20 ) system involves mainly the multiple scattering resonances due to the basal-plane oxygens of apically compressed CuO 6 octahedra, basal-plane and axial oxygens of the vertically aligned CuO 5 pyramids and basal-plane oxygens of vertically aligned CuO 4 square planes (see Fig. 1 ). The diffraction studies have shown that the basal-plane Cu-O distances for the CuO 5 pyramids connected with the CuO 6 octahedra are quite short (~1.86 Å) as is the case for basal-plane Cu-O distances for the CuO 4 square planes connected with the CuO 5 pyramids (~1.90 Å). However, the basal-plane Cu-O distances of the apically compressed CuO 6 octahedra are longer (~2.04 Å). In addition, the XANES spectrum also has contribution from the long axial Cu-O distances (~2.4 Å) of CuO 5 pyramids. Thus the main peak B 1 has dominant contribution due to short basal-plane Cu-O distances for the CuO 5 pyramids and CuO 4 square planes and longer basal-plane Cu-O bonds of the CuO 6 octahedra. In fact, the peak B 1 is broader than the peak B 1 * of the E//c spectrum due to a much wider distribution of distances. The "shake up" peak B 2 for the E//ab for the (8-8-20 ) gets smeared out (Fig.  2) .
In the (2-1-4) system the peaks of the E//c spectrum (Fig. 3a) correspond to the multiple scattering from the axial oxygens at a distance of ~2.4 Å plus a contribution due to scattering from the La/Sr atoms [11] . The peaks A 1 and A 2 in the E//ab spectrum of the (8-8-20) system are, therefore, assigned to have main contribution from the multiple scattering involving long axial bonds of the CuO 5 pyramids. Apart from the above, we also see another feature A 0 in the E//ab spectrum of the (8-8-20) system at an energy a little above that of the pre-peak P. This Cu + peak is assigned to the 1s-->4pπ (atomic like 4pπ orbitals) transition. In fact, this peak is found to be quite strong in the E//c XANES spectrum of Nd 2 CuO 4 and Pr 2 CuO 4 systems having square planes without axial oxygen [12] and in the E//ab polarized absorption spectrum of YBa 2 Cu 3 O 7-y system [13] having Cu-O chains. In the present case, the peak contains main contribution from the vertically aligned CuO 4 square planes. Of course, this peak does not exist in the spectra of (2-1-4) system since there are no π orbitals in it due to the octahedral coordination.
In summary, we have made high resolution Cu K-edge polarisation XANES measurements to explore the local structure of the complex (8-8-20) system and made an attempt to distinguish different XANES features to explore any local lattice displacements in the system. The XANES features are discussed in conjunction with the closely related (2-1-4) structure. A detailed doping and temperature dependent study by polarized Cu K-edge XANES (not shown here) reveals that the square planes are getting collinearly aligned with linear chains in the c-direction. In fact the results support the two component paradigm where an antiferromagnetic insulating phase resides in a sea of itinerant electrons keeping the (8-8-20 ) system metallic, i.e., there are two active components to characterize the electronic properties of the system, wherein itinerant electrons are related with the Cu-O networks containing CuO 6 octahedra and CuO 5 pyramids while the localized part is related with the one-dimensional chains formed by the CuO 4 square planes.
